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a OL tee Fight enitted by atoms is given 
y the aitrerence of enerey levels. The theory of | 
the’ emission ie nusorDy 1 on of radia tion is intin- 
ately associated with mimate differences between 
“the values of the levels, that is to say, apparently 
simple’ ‘levels are split into Peis iice ce in the 


Zeenan effect, the Stark effeet, the Pine strueture 


" of Hydrogen and jonized Heliun and the hyperfine 
i ae Pkt: B 
eee “structure of Soe pe lines. The detection a meas— 


ieeneator shewe minute energy differences requiryes 


ol Saree 


Z "great resolvins powers and high dispersion in the: : 
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“@ispersine instrument. For ex xamp le the mereury green line 
when excited aes ae Oo one poss esses 
ie hyperfine structure, the detection of WoL es aoe tae 
‘itates a resolvine pewer of 800,000, Resolving power 


is eetined. Se oe rN is the oe es ana 6A 


the difference in ee ete Ast between fie dine Ss that. 


are gust Separated. 


By using concave gratines of long focal length 


et! with a “levee % total aunber of lines i. is poss-_ 


“thle. to Amerease @ispersion and resolution i 
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Sis, 2menes, the thecretical limit to the, resolvins 
power is about 300,000 At S OOCA™ ix the. naximan. 
possible order, with a practical Jimit of about half 
this. ? 

Phe use. of transparent éfehelon ratincs eon- 


Gentravine the liseht into the hich orders inereases 


eo ea Pt hae the expense of ambisulty of in- 


terpretation due xo exeessive overlap ping of orders, 


A ‘pile of: thirty ,one= centineter plate Ss would haves, 


resolvins power of about 600,000 at SQOOk. 


ghe Gummer Gehreke plate has a hish ht ae 
powerg about 600,000 at 5000A for a six inch plat 
and proportionately ereater for longer plates. 


“However it is costly, and has to be duplicated 


pretation. 


The 7 Fabry Perot interferometer has its resolving 


power under control by the use of invar Separators 


GF differen; thiekmesses, the resolution being pro- 


“Portiomsl to the thickness, and possesses the sreat 


advantage of being unaffected by temperature vor- 


Gatioms. Ome crave disadvantage is that the dispe 


iS constant. The interference pattern is va series of 


eoneenvrie rings. AS Tne Separavion of the oe ie 


surfares is inereased he inerease resolution, the 
ge) diameters of the interference pattern decrease, 


‘Since es elas is @onetant, the breadth of the rin, 


mm Various thicknesses to prevent ambiguity of inter- 
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RooOULING POWER. wo lines are said to be resolved 
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when the intensity of one is a 
maximum, and the other is at its first zero minimum 
atthe cane point, The intensity is defined as the 
square of the amplitude. 

in the case. of the Fabry Perot interferometer 
there are mo zero minina in the interferenee pattern 
sand Somé other eriterion of resolution is necessary. 
the. definition of ee a to be used is that two 
Penes are Tresolyed if the point at whieh ehe is a 
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has Pelt. ius maximum amplitude: that i8 one quarter 


y . : 


LES Waximum imvensity., This definition is quite ar- 
bitrary but has been used elsewhere. For a maximum 


at the eenter ¢os..47d/\. =. .1. 


1 LS proportional) to the emplitude of 


Den Cea ee ee ST Oe oe 


Wiere-) 18 a e@onstant of proportionality, and 

Ty the intensity for wavelensthaA +. | 
Supposecthe wavelencth| +&A is just resolved, the 
displacement al theeenter’ will be:- 


aera 6 Sin Cyl t7E = 2A / (At SA) ) 
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ener Pe eri ot a tanear eorrespondenceée, Sinee sue- 


eessive rivics in the interference pattern are pro- 

@ue@ee by Geereasineg nin unit steps, the squares of the 

Pedii Of adjacent rings will differ by a eonstant. 

Tf a line of wave lenctth Ahas a satellite at A+G6A; 

SAmay be @aleulateé® from the Fabry Perot interference 

pacvtern by: Means) Or “ihe expression pa - Aréd = na. 
het B be thetdifference between succive r~@: CG the 

amount that the souares of the ke rings due to 

the satellite are less than the Squares of the radit 

of rings of ‘the same order, due to the main line. 
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It must Se remembered that there is an uneertaint 


\ 


Gta me Im GC Where P18 any “intberer; owine co the 


WHeerTtainiv af to whether the rine due to a satel 


and the adjacent rine due to the main line are of the 


same order or not. If $A is small m = 0: while if 


HW A84n0t Zero it can easily be evaluated by cheeling 
With Neacings with a different walue of. d, the sep- 
Sreoon. Ih any case ealeulations can be earried 


to the point where the final interpretation has to 
be made; on the assumption m= 0 without introducing 
any errors. 

Substituting correspondins values of Aand r in 
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n(Agegh) = 24 ~ Alroge)a 


subtracting nA = Aca 
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TLL THe PRODUCTION OF METALLIC FILMS BY 
| BVAPORATION IN HIGH VACUUM 
Any suvstonsefexorts vapour pressure, This press- 


ure Will résen "an ayoretiable value before the normal 


“poiting point is "neached. If it is placed in a'chamber 


where the pressure is less than the ne vapour pressure 
LtNwill evaporate freely; the rate denending on’ the 
Femperavure. 0h we) found that a. stream of molecules 


ese Gorm oF 
Will “@ondente 4e 5 Smooth laver on os surface if the 


moleeules do°not. eollide ‘with other moleenules aAporec- 
iably and the stream density is sreat enough’. | | 

Thus métal evaporating in a vacuum froma Pil- 7 
amnent, will condense TOV minror on a Suivaple i 
ine surface ifvthe filament temperature is suitable 
and it the mean free pach be ke eed feat Noss) 
ees than the distance from the filament Lo the surw- 
faee. 

The apparatus wee used was similar to that i 
ceseriped by Ritehl*: It eonsistedof a horizontal 
brass evlinder, £0 a hole in the top of whiechwas 
dda ea a mercury Giffusion pump and to perforations 


? 


im the sides two terminals for the heating cirevit. 


‘A gelass tube carryins two electrodes was also connected 


in order to test the desree of’ vacuum. All joints 


were made air ticht with sealing wax. (Vaeunum wax 


SH 
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CCOmeronn, Proe,Rov. 0c, , 819, 293, 1928. 


Pieeeh 6 eG. t.Phys., 69, 578, 1931. . 
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hep erie, eODuUG LON OF METATGLC FLIIMS BY 


EVAPORATION IN HICH VactUM . 


Te sr epee erigzinaliv bub heat senerated by the larger 
feuge Tilaments-caused leaks.) The ends were closed 
with brass. plates,-. one soldered in placer and che 
ether held by eight studs and. wing nuvs, the econtact— 
ing surfaces being machined and sealed with vaeuum 
grease. Windows were plaeceé opposite each other in. 
the end plates for observing the extent of plating. 
filaments and adjustable. holders for thefises to 

be. cbated..in all eases the tankwas exhausted ‘until 
the spark from a coil we fumpsan auxiliary cap 

of about one inch ee oreuce to passing throuch 
the vacuum, corresponding to a pressure in the neien- 


pourhood. of ,O1 millimeter’ As ,Ol1 mm, cives a mean 
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free path for air of about 2 en., the exhaust 

should be earried considerably bevond this WOLNG. 
‘Through plaeing tnoh ices tO be Goated at an equal 

distance from thefilanent Lt)» was “hoped. te produce 

exactly Similar films on both sides,’ but the drovs 

of molten metal instead of hanecing vertically Soren 

the filament and evaporating uniformly in-all dir- 

eetions ecnld e limb UD the side of the wire ‘and. fre- 

quently cause.lack of perfect uniformity of the Lilms. 

Bor this season the form. of apparatus deseribed by 


Cartwricht and Strone” would have been preferable. 


Carini ieon i Srrone, Rey,5¢l., inst. 2, 189,1°S31. 
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III THE PRODUCTION OF IMTATLIC FILMS PY 


EVAPORATION IN HIGH VACUUM 


Only metals. were evaporated and thev may be div- 
ided intd two eclasses: 
These Such as silver copper cte. that readily 


Pun imee crops. Unless e@are is taken these will not 
FoUO vunertllameny, In order’ to minimige this the 
filament iS formed as shown, fie.V, preventing the 


—VWJV{YJY”9U(U™ Gclomeration into large 


slopules, With certain of theless adherent metals 
Seen ae silver 2% ig necessary TO give new Tilaments 
a preheating to venove the smooth oxide coating, 

Magnesium and aluminium forn the seeond class, 
They have, a thin oxide film alweavs present, and owing 
Fo their te dene often: retain their form in the 
molten state. This results. W in poor thermal contac 
With unetilamen, anc leads to soot like Ceposits; 
apparently sue so che hieh filament temperature 
peceusary for evaporation. 

Mhe @uert? dises were earefully clea ned before 


Digtine«,  ne ‘old films were washed orf with eoneen- 


dean 
Ve OCS 


e160 Nitrie aeid, rinsed with distilled water rol- 
lowed by 95% alcohol, Absolute aleohol’ was then flow- 


s ; 


ed over them and they were placed: on edge to dry. 
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When eny G@eposit remainec that did not dissolve in 


tHe Mitrie acid, the dises were swabbed with small 
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Ei) PRER PRODUCTION OF METATLIC’ FIIMS 


BY EVAPORAT LON TN HIGH VACUUM 


pads of absorbent cotton that had been boiled for 


Ss ae 
we 


a Lene time in dietilled. wat to remove dust,.Care 


had to be taken to rub th ¢ quartz evenly ali over, 
as any loeal treatment might destroy the perfection 
of thesurface. In order to preserve the quartz, eamall 
rlass dises were substituted except when the filns 
‘were to be used in the interferometer, 

With regard to choosins suit bable metals, the 
Optieal properties of very thin films have been found 


te differ eonsiderably from those of the massive 


metals, 


Pig sie 3 index of refraction, 
k = eoefficicnt of absorption 
“R = peveent refleetion for normal ineidenee 


d,A= thickness and wave length in the same units 


Lin ERLEnSiby at the depth x 


T = @ transmission = I4/I, approximately. 
—~47nkx/ x Vere ~47 cd 7A 
he¥eclge i 6) = 10060 


nf 14k") -2n-1 
n “ae ete al 


100 


rg 
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ae 


(This as for .R does notiseen tO @ive very good resul 
In working with an egret ern , Since hich reflect- 
ing power is oe le Tropsmion 3 should be pees Lows 
2% transmission is sufficient to give a reasonably 
short exposure for photographing most lines. This 


“ 
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SMa pra eatin nd arriba 


aN oR ‘ Pires 


5rO0A. a jandara | tables and 


ames that. as the thisimess Le 
2 fin is fer sreased, n and i emia con= 
ntil 2, certain thickness is pe ks when a | 
5d omnes + i hestss (ae until another Sent. is ee 


okness iS. ‘decreased. For aii er the reg jon on 
i Kk is from atthiekness of oe 


‘These regions depend to a 


on the wavelength. che recion of great 
is below 1504. hae ee | - : oe tee 
ay can be seen that the thicknesses of 
slieht ehane 
L , Mhererore the Peflecting peaks B 
dicated roughly by that of the nassive 

ough small ¢ differences were to be expected. 


reason the netals to be plated were cho 


magnesium, sodiun 


Burs} 


‘ference chlors due to the interference between light 


Wren different layers 
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Sais neta forms a. Liquid alle Ns ae 
+ Por this reason filaments of .05 em. diameter’. 


rede ion. Tt 


re necessary 40 prevent eS eres due to ¢ 


E. found best to take rests if long han ael nec - 


essary ae the waole tank will: rise.in temperature. 


Aluniniun is nost satista etory when in wire forn of 
‘about .45 mm. diameter, threaded through the bends. 
vat “the friament, This was iets as from 22 Sacte 


Aluniniun by tipping in wesk dilute acid, THe filamen 


was heahed tore bright ee a Curent oF. 
15 ~ 5 amperes, giving s heavy coating in five tO 
ten minutes. a the atuminiun will not See and 
“higher temperature is used, eee Or soot like 
ae haa will often result. Bea rise in uheuas press- 


ure may 2180 os 2 eonor iputine iactor, [wo explan- 


Be rcth out ae rward, one that they are inter- 


ah ae 
dan and the ether that they are 


Tiel. cue) ~egonance at a surfaee eonsisting of bee5 aces 


minute parbicles’-“. It is possible that both explan- 


a 


ations may he ast the colors seem to be of two 
pets atts ee eolored vings similar tO Newt on'S 
and a general Layer Of snore. Or less uniforn 
700.3. ha 88 109, 4933+ | 
x. 0.5.4.23, B&G, 1933. 


“Prog: nov. doc. Mo, 410, 1928. 
Phil.Trans.5 noes SS ee 


omnibit ine brilliant | 


sa the of ae strone beam of 


surroundine ie main re 


esta Am : 


wane “image, Anticatine a cramle> § tructure. 


— Gebors. also appeared less frequently fon tin Rae. 
other preteMAeoate A src: eae Lay oh at 
"spur . Filaments of 2088 andy, O20" cm, \dianever were. 
“sed. and uniformly good fhm could. be ootained 
exeept tha a ocea asionally the silver woul? drop ee | 


mee tie satiny wise buy a ae 


| the: Pilament. 22 gauge silver wire was be saben int a 
/ pibbons whieh were cut lengthwise ito owo OF three 


| sips: These. were we rapped around ‘the buness en | wire 


— ghont « one hale, inch om! 2 gauge wize being suffices Lent 
beeen pair of mix errors, spaced abou 9¢e CM oi peor bie - 
 tilanent. Ritsen) Pocommends treatne ant of the fin 
ished mirre rs with aqua meégia vapourygér hydrozen 
‘Peroxide: wapour to. imerease strength and eathae vine 
power. ee pegia wa = found unsatisfactory as pin 
holes: - ‘thefilm could. not. ‘be ‘avoided, so. that. treab-_ 
| nent: was eons timed + 50. hydrogen: per omide We — 
caper This. as: a wey aiftionlt met bale bo handle as 


ti: > tungsten. Rewults 1 were obtained 


nimtes. The oe 


gives: a. 5008 “surface oe whe nm BO gemee 


tos from iam ec 


gether into 


bot a wrleht crane: ge. 


it is. meces sary to reduce ‘he surface 


aa much as ‘pose: ible | oO. evaporate Va, gnesiun. 22 


if 


wire with the oxide coating ‘sez raped of ff was 


od heater of .05en. tangstc on wire. 


nee could, a ot be depented Boon and cmaner- 


neat 


5 30 par at ed 


asbe etas. This 


film 


m discoloration. 
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photoelec= 


a5 Ss ac 


orn incidence. Two ) photonetors were used both 
‘being Similar to that deseribed by Beals”, exeept 
_ that the compensating Deam was eliminated. The first 


one used a potassium eell which was unresponsive to 


ane -- ee recion, Hepes B patteries whieh did not 
seem a sive a steady Apes rs) that the first sets : 
of reatines only apply LO awe blue region on che ospec- 
trun and may be considerably I error, the see ond a 


| mierophotoneter, used storag ec battrics exclusively and 


had a eon mercial photoeler’ Poise eell whieh (Seenet Te 
Denes iver te. a great spectral range. In both eases 


~~ 


mneasurenents were lg ae with a standard, 


aa: otally vefleetine porsn with. ee powersabout eae 


ee 90% ie second s polished sieel mirror with a reflection 


2 


in the aha of 60% throughout theresi on, 


ae os is the reflecting power OL the So andar d 


‘that of the prepared surface, re the galy ranomet er 
beam 
‘beading eon the refleetedgfron THe iy ee onto the 


nee 


photoeloetzic cell, Dy the readine for the ae refleet- 


7 from the unknown, and ese che reading’ when the beam 


pee te 


ee 


s interrupted; ‘Then Rae 


ee ee ec emi a 
‘Proe Roy,Soe. 92, 196, 1952, 


: eT pF RANSWESS ton AND | 
_ REFLEC? jor EACT eo ee 


“Also. sie 2, is sue reading when the, eee ts pieced 


cote g the ‘path orf the ee from the Stands ard, then the 


transmission - 4s 202 Dt - De 


“IW the first ease the source was Rigs ips auto= 
“mobile head lamp pulb, projected in a parallel beam 
py a lens ant B, eireular apprvure. There was a second. 
aperture befor ¢ the photoelee trie eell and by causing 
the ight ve Tet squarely on ‘this and on the cenber.) 
of whe yefleetins surface Focpetes constant res mults ane 
were obta rined. Sone attempt was made bk obtain values 
foe Prtetens spectral vegions by the ase of filters, 
but due to the linited rang re of the cell the ee ep 
“were questionable. | 
For shofceont ease a oe eee are was nsec as 

souree ; run at 110 volts with °0 ohms in series, and 

rare a fairly pouet at ee exeept | for line | 
voltage tee about five minutes +2 reach 
“a steady state, and after that could be used 411]. the 
level in the center Sube started to pise, | when it would 


~ shave: to be restarted. The Light from the are passed. 


throug zh 9 snall speetroneter, and. after reflection a 


ae the nmivror to be calibrated was. focussed in the 


t if 


eh a chances in the. r position of + é appa moins a 
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MEASUREMENT OF REFIECTION AND 2 ie 
TRANSMISSION FACTORS | ‘ 
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“placed close to the slit and a strong converging lens 


placed between. The spectrometer prism was placed at 


minimum deviation and the mirror placed at a fixed’ 
point! before the photometer slit. The mirror was then 


rotatedtill the violet line 4455 fell on the slit . 


“The other lines were brought to the slit by rotating 


the prism. When the standard was to be substituted,in — 
order to be sure that no conditions were changed, the 


prism was tufned till the green line 5461 was. biseeted 


by the slit, the standard: mirror substituted at’ the 


all 


same point and turned about until the sreen line was. 


again bisected, Measurements were made for three lines 


yellow 5769-5790. sreen 5461, violet. 4358, 
As an examplecthe following readings were take 


fer a thin Aluminium film :- 


JAjmpinium  Deflections Average Mean A.D, 
: : ditfer ence 


ay é g (le : : 30 2 4 i. AO * 1 29 w Be aa 
546 1 50, OF BUTS BORE Oe hy 
ag eels) Lee Se Cree o Le. Lege 
steel 
5790 ity da Nae ia hg © D059 
Aluminium 
5730 pie es ie £8.49 
5461 Me melee / ES Eee ate 
4458 ie, 6. 40,5 Lae 7 
meeting a 
ee eo ee EPY Deeg aes = eee 
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EV MEASUREMENT: OF REFLECTION AND 
TRANSMISSION FACTORS 


Transmission 
Readings Arerage 


eee) Pie ON nme a ety ee 
PE nOO phe Ogre a wU Kes 
rie ren) Si G Be) Uy Pie Deel ae (nary itis O D9 


as Oat aa m= OY of 
a BOW + £5458 aod 9 


formed were produced by evap- 


QO 


erating 1.2 em. of. 22 gauge silver wire onto dises 9 em, 


gWays  Lfvthie had-abl deposited as an even film itt would 
have given a laver AQOA thick which agrees with the order 
Of Bacnittude ealeulated from the optical properties oF 


rd 


Similar films. The twe Tilms gave R= 81% and 6a; 


Pe 15% and Lee, Mine wv Ware then, aS suscested Dy Ritsehl, 
jeested with aqua regia fumes, for one minute and Tor 
ten seeonds respectively, giving FR = 39% and 69%; Ts45% 


god Wet. In the firs? case the change. was due. to vin 


bolrass in the second there seened to. be a vellow deposiy 


3 
ea 
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@e-the film was washed, 


R =.98¢ z i? 
R= 64% Te 
Ros (26 Dee Le 
Ros 5o9e¢ Dimer ey aes 
é 
Roe 416 T= 20% ete. 


These were treated with various strengths of aqua regia 
wavour Dub no, improvement was moted,. Treatment with 1% 


ge@1a Seemed to improve refleetion but &2t caused the film 
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EV MEASUREMENT CRPoREPLECTION AND 


 MRANSMISSTON FACTORS 
TO peel. The treatment. of silver mirrors for the 
interferometer was therefore confined fo Weds eees per~ 
exidé vapour whieh seemed to improve reflection slishtly, 


A. 


Pees films exhibited tints by transmitted. liecht. pink 
|, blue, ete. but this secmed to have no effeet on 
the reflecting vnower,.° These readings were made with 

the first photometer; the following measurements were made 


~ 


PLUVER OR quartz, after tp@déatment with hydrogen peroxide 


R # 84.5% Ro = 78.6% Boe = 72. 
5790 Fe 


fF ea] af mH = Za nf, rit fe = of, 
Sr ete eee 


ALUMINIUM heavy; 


or : LR af, Rect 
AG ae 5 Pet 


aR dy ie 


ae | 


19% 220 239 


VAGNESIUM this was badly spotted anc soon formed a 


ait 
preece 


heavy oxide coating. 


me Ge 59% Bre 


Transmission approximately 1% 
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“VY APPRICATTON TO TIPERFROMm ET 


In pattern (ec) considerable overlapping has taken 
pTaee: the peak at 0,(b), masking those’ at 4.318 and 
6767 Giving A (e)"4eR (e) eonsists of =,%10 ‘and.137, 
For 12mm, the Separation per order is 1.416 ) ‘s@ that 

-,o10 lies at.106. Peak B is therefore between .106 
and’ ".107, probably about .120. Peak.C is due to .204 
alone. In (4) cue spacing has inereased éliminaténg 
overlapping, 

THe interferometer was assembled with the desired 
separators, andthe springs adjusted din] the rings 
@iameters @id not chenre on moving the eye. The rings 
were foeussed-on the Slit of a Hileer consta nt deviation 
spectrograph and photographed. The plate was meastred 
and the eenter of the pattern noted or caleulated 
reo tie Slity he radia or theorince and their 
squares were calculated. This ee C- direetly 
see pages 10 ae ie an? thus 0), in the ease of 
ae silver filns and. the l2mm. Separation the edges 


the peaks of the two tines 


a ce sg % 7 


er tne Main Line and 
satellites cee were measured, peas cae 
rwespeetively w,x,7¥,2 in order of imereasing wave 

number, that is moving out from the center, w = 0 

x =,.166; y =.231; z =,o1é, 2 Was identified with peak 

C intthe pattern (e), i.e. wae ,c04 , This) cave w =.=) 108 
x =.058 y =,123. These points when marked on the | 


pattern (¢) lie at the edges of the main line A and 


x aN 


008 units ap ware cmimber of the 


Ts ” ! 
For the Gut separation + the Da, gitern vas very. 


. Ten repetitions of the pattern were a cen 
several exposures. All foint suggestions on iines were 
‘recorded. it was then found thot although there were 


many spurious lines, there was a grouping arround 


4 


C 5 


ee BES ete. and it was therefore considered that. 


 thise. lines wase resolved. from the main line, This 


‘required a resolving power in the neighborhood of 


150,000. This would correspond +0 500 ,000 at ae ei 
“ separe ation. In the Ga, se of the <« aluminium film that — 
was ae the Heeeiutian was considerably less, exper 


ently due to the Jack of flatness of the — iv 


being of considerable ee 


7. 


co eee Biscuit nost suitable for eating 


Le ae 


fac neat interteronoter mirrors. In the visdble 


‘ \ 


“permanence, ‘In tee ultra-violet -recion ioe ot, eh 


stiver has a transmission band and aluniniun would, 
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